Two-photon imaging of the nervous system is now used extensively for visualizing brain dynamics and signal activities. To date, scientists have focused on the analysis either of gray matter forebrain structures, such as the cortex and cerebellum, or they have investigated muscle innervation of peripheral nerves. The spinal cord is an ideal structure to use for imaging central nervous system white matter. The dorsal columns formed by myelinated sensory axons are located directly at the surface of the spinal cord underneath the pia mater. This protocol describes a method for imaging neuronal fibers and neighboring glial cells in transgenic mice using cell type-specific fluorescent protein expression and two-photon laser-scanning microscopy (2pLSM). Depending on how the mice are prepared, single imaging can be performed, or the spinal cord can be imaged repetitively over multiple days, with time for the mouse to recover between imaging sessions.
Filters
; HQ575 [AHF Analysentechnik])
Imaging setup
Any commercial or custom-made two-photon laser-scanning microscope can be used. It should be capable of low-magnification epifluorescence and bright field imaging in a separate channel that is used for overviews (e.g., Zeiss HBO 103 and a 5×, 0.15-numerical aperture [NA] objective). A charge-coupled device (CCD) camera is required for recording these images.
For 2pLSM, a long-distance 20× objective with high NA is essential (e.g., Zeiss W Plan-Apochromat 20×, 1.0 NA DIC). For excitation, use a femtosecond-pulsed titanium-sapphire laser (e.g., Chameleon Ultra II, Coherent). To optimize the spatial resolution and the detection efficiency, fill 80% of the 17-mm-wide back aperture of the 20× objective. In addition, use two lenses to focus the fluorescence signal into the photomultiplier tubes. For deep tissue penetration, glass dispersion compensation is recommended (either as a separate module or integrated into the system (e.g., Coherent Vision II). Control the laser intensity with a Pockels cell (Conoptics). Scanimage version 3.5 is the image control software that we use (Pologruto et al. 2003) .
Power supply for the heat pad (12-V, 1-A)
Rectal temperature sensor and display Scalpel Scissors Support for the mouse, heated by a flat heat pad, with rail bars to fix two vertebral clamps for the backbone and the volatile anesthesia equipment Thread or suture material Vertebral clamp holders (two) for the backbone (Narishige or custom-made)
METHOD

Mounting of the Vertebral Column
For nearly motionless imaging, the vertebral column has to be mounted to two vertebral clamps ( Fig. 1A,B ).
1. Fix the lateral joint processes of the vertebrae next to the prepared region rostrally and caudally. 2. Cut holes into the tendon layers above the back muscles to gain access to the lateral joint processes.
3. Fix the clamps at an angle that leaves enough space for the imaging objective (Fig. 1C ).
For repetitive imaging it is best to mount the vertebral column before preparing the field of view.
Imaging lateral aspects of the spinal cord (e.g., the ventral roots or the dorsal root ganglia) requires clamps that can be tilted. After tilting the mouse by 80˚, the lateral spinal cord and parts of the ventral roots can be exposed by moving the dorsal roots dorsally with a fine glass hook or a 0.3 mm metal hook. Care should be taken not to impact the spinal cord surface, the roots or the blood vessels. Dorsal root ganglia are accessible without shifting the dorsal roots.
Preparation for Imaging 4. Create a reservoir to hold the ACSF, to be able to properly use the water-immersion objective.
For single-imaging experiments:
i. Form walls for an ACSF reservoir by lifting the skin flaps with threads ( Fig. 1A,C ).
If you image more laterally with a tilted mouse, form reservoir walls with skin flaps and small pieces of paper.
ii. Fill this pool with warm 2% agar in ACSF. Keep the region of interest free of agar by covering it with a piece of cotton soaked in ACSF.
iii. After the agar has hardened, cut a cone-shaped hole into the agar, making it large enough to remove the cotton and to insert the objective lens.
The surrounding agar will help to reduce undesirable movement at the region of interest.
For repetitive-imaging experiments:
i. Much less muscle and tendon are removed, so the remaining tissue will suffice as walls for the ACSF reservoir.
ii. Use only ACSF sterilized with filter tips for repeated-imaging experiments.
Fill the reservoir with ACSF.
Two-Photon Microscopy and Image Acquisition 6. Take a bright-field image from the surface of the spinal cord ( Fig. 2A ).
Use the pattern of blood vessels to image from compatible regions in different animals or to find the same location during repetitive imaging.
7. Set the laser to 920 nm, a wavelength in which most fluorescent proteins (e.g., enhanced cyan fluorescent protein [eCFP], enhanced green fluorescent protein [eGFP], and enhanced yellow fluorescent protein [eYFP]) and sulforhodamine 101 (TexasRed) can be excited (Fig. 2B-D) .
8. Separate eGFP and eYFP by using a 520-nm dichroic mirror and 500 ± 12-nm and 542 ± 27nm emission filters (Fig. 2C) .
9. Separate the fluorescence of Texas Red from an eGFP signal with a 560-nm long-pass filter and an HQ575 emission filter (Fig. 2B) .
10. Use a 460/80BP emission filter for eCFP signals (Fig. 2D) .
11. Record regions of the dorsal columns as uniformly spaced planes (1-2 μm) of fields of view from 170 × 170 to 600 × 600 μm as z-stacks of images (256 × 256 to 1024 × 1024 pixels in size). Voxel sizes should range from 0.24 × 0.24 × 1.5 to 0.72 × 0.72 × 2.0 μm for the x-, y-, and zaxis, respectively. The total acquisition time for a stack of 16-24 images will range from 1 to 2 min.
See Troubleshooting.
1.
A very stable field of view is required to obtain high-resolution images. Thus, the holder should be placed as close as possible to the structure of interest (see the position of the clamps in Fig. 1) . In most cases, this arrangement is sufficient for high-resolution imaging.
2. It is critical that the water-immersion objective pool built from the skin flaps of the wound is leakproof. If necessary, add a layer of 1.5% agarose to seal the pool against leaks. The agarose will also stabilize the spinal cord, which could improve image quality.
3. Too much motion could also be caused by a lack of muscle relaxant (Pancuronium). Therefore re-inject Pancuronium in time. 
